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THE two preceding papers,* describing the earlier part of this investi- 
gation, were concerned with the complete analysis of cobaltous bromide. 
Both the cobalt and the bromine in this compound, as well as the trace 
of inevitable impurity, were determined with care, and the consistent 
verdict of all the results pointed toward a value between 58.99 and 59.00 
for the number sought. The danger of the existence of an unknown 
error in a result thus obtained from a single compound is too well known 
to need emphasis; and with this danger in mind we sought to obtain 
support from wholly different data. The present paper describes two 
series of determinations, which, while less satisfactory than the work with 
the bromide, are nevertheless of corroborative value, and moreover serve 
to point out some of the pitfalls which ensnared the earlier experimenters. 


I. Tae Repuction or Cospattous CHLORIDE. 


Cobaltous chloride was chosen first as the basis of the confirmatory 
work, both on account of the ease with which it can be prepared, and 
because it can be heated to a much higher temperature than the bromide 
without danger of vaporization. These circumstances allow greater 
surety both in drying and in reducing. 

Owing to the comparatively slight volatility of cobaltous chloride and 
to the difficulty of obtaining chlorine in a sufficiently pure state, we made 
no attempt to purify the salt by sublimation. The preparation of 
cobaltous chloride in aqueous solution was inadmissible on account of the 
certain presence of oxide in the dried and ignited substance under these 


* These Proceedings, XX XIII. 113 (1897), XXXIV. 351 (1898). 
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conditions ; hence the method finally adopted was the ignition of care- 
fully purified purpureo-cobaltic chloride, which may be dried before it 
decomposes. 

A considerable quantity of this compound was prepared by passing air 
through a strongly ammoniacal solution of cobaltous chloride and subse- 
quently acidifying the mixture with hydrochloric acid. The precipitate 
was then recrystallized six times by solution in pure redistilled ammonia 
in a platinum dish and precipitation with redistilled hydrochloric acid in 
a Jena glass flask. This latter operation could not be performed in 
platinum, because of the liberation of small quantities of chlorine. The 
final precipitate was collected on a pure washed filter and dried. In 
order to convert the amine into cobaltous clioride it was heated in an air 
bath to about 200°, until it was entirely decomposed without fusing. 
Owing to the fact that the dried salt melts at a temperature very slightly 
above that at which it breaks up, the heat was applied very gradually. 
Here again the liberation of traces of chlorine prevented the use of 
platinum, a porcelain crucible being used to contain the salt. The cor- 
responding purpureo-bromide of cobalt melts at a temperature too near 
its decomposing point to have allowed the use of a similar method for 
preparing cobaltous bromide in the earlier part of this research. 

The cobaltous chloride thus prepared, still containing a large amount 
of ammonic chloride, was now heated in the platinum boat in a rapid 
current of dry nitrogen and hydrochloric acid gas until ammonic chloride 
ceased to be expelled. The drying apparatus used in the work upon the 
bromide was refilled, and easily altered for this purpose by substituting a 
strong solution of hydrochloric acid for the bromine and red phosphorus. 
The hydrochloric acid gas was displaced by pure nitrogen, and this in 
turn by pure air ; and finally the dry cobaltous chloride was transferred to 
the weighing bottle by means of the usual bottling apparatus. 

After having been weighed, the chloride was reduced in hydrogen in 
the manner already described under the analysis of cobaltous bromide. 

During the reduction no trace of cobaltous chloride sublimed from the 
boat, but a slight sublimate of ammonie chloride appeared in the tube. 
The amount of this sublimate was determined by washing out the tube 
with pure water and Nesslerizing the solution, and this amount was sub- 
tracted from the original weight of cobaltous chloride. Probably the 
correction was somewhat too great, for traces of ammonic bromide 
appeared in every reduction of cobaltous bromide, when no ammonia 
could have been present in the salt; but the error arising from this 
source must have been small. 
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A small quantity of alkaline chloride was found in the residual cobalt, and 
was (determined in the usual way by lixiviating the metal and evaporating 
the solution. This correction was of course subtracted from the original 
weight of the cobaltous chloride, as well as from that of the metal. 

In the following table of results the specific gravity of cobaltous chlo- 
ride is assumed to be 2.94, the value given by Joule and Playfair.* This 
necessitates a correction to the vacuum standard of +.000262 gram per 
gram of chloride. Cobalt itself has a specific gravity too near that of 
brass to need any correction of this kind. Cl = 35.435. 

Observed Observed Weight of Weight of Corrected Corrected Atomic 
Weight of Weight of Residue. Ammonic Weight of Weight of Weight 
Cobaltous Cobalt Chloride. Cobaltous 


Chloride in Vacuum, Chloride. 
in Vacuum 


4.16702 1.89304 .00061 00158 4.16483 1.89243 59.053 
2.30588 1.04771 .00048 -00028 2.30512 1.04723 59.035 


Average . . © © « «© 59.044 


As the alkali had not been completely removed by the process of 
crystallization to which the cobaltamine had been subjected, it is highly 
probable that some silica also remained which was not removed from the 
metal by leaching. This probability, together with the fact that the 
ammonic chloride correction is undoubtedly somewhat too large, seems 
sufficient to account for the fact that these results are slightly higher 
than those obtained in the bromide series (58.995). At any rate the 
evidence of this method is that the atomic weight of cobalt cannot be 
greater than 59.05, for none of the probable errors would tend to make 
this result too low. 


II. Tae Repuction or Cospattous 


At this point experimental difficulties in the preparation of the chlo- 
ride, together with the belief that silica could not be completely removed 
from the salt without introducing platinum, led to a search for a more 
satisfactory method. In the hands of the early experimenters upon the 
atomic weights of nickel and cobalt, reduction of the monoxide yielded 
good results, — results less satisfactory in the case of cobalt than in that — 
of nickel, however, on account of the greater difficulty in preparing the 
monoxide in a pure state. 

Russell, the first investigator to work with cobaltous oxide, found that 
the higher oxides of cobalt were reduced to the monoxide hy heating to 


* Landolt and Bornstein, Tabellen (1894), p. 134. 
t Jour. Chem. Soc. (2.), I. 51 (1863). 


i 
q 
q 
q 
q 
| 
| 
| 
| 
| 
| 
j 
i] 
. 
4 i 
q 
4 
i 


64 PROCEEDINGS OF THE AMERICAN ACADEMY. 


a high temperature in air, but that reoxidation of the monoxide took 
place while it was cooling. He showed this by igniting in air a crucible 
containing the black oxide and cooling the crucible suddenly by plunging 
it into cold water. Under these conditions a film of black oxide was 
formed on the surface only, while the lower portions remained in the 
form of brown monoxide. Evidently, to prevent reoxidation it was only 
necessary to keep the oxide away from contact with oxygen. The method 
adopted by Russell was to heat the oxide in a current of an inert gas until 
constant weight was established, and then to reduce the compound in 
hydrogen, thus obtaining an indirect ratio between oxygen and cobalt. 

This method of procedure, which was adopted by all subsequent experi- 
menters on the oxide, seemed open to two serious disadvantages. The 
first, the difficulty of preparing nitrogen or carbon dioxide free from 
traces of oxygen, is one which can be surmounted, although not easily. 
The possibility that small quantities of liberated oxygen may become 
mechanically entangled in the oxide, in such a way as not to be speedily 
removed by the current of gas, is a danger even less easily avoided. 
This oxygen would of course reunite with the monoxide upon cooling, 
thus making its weight too great. 

As an alternative to heating in a current of inert gas, ignition in a 
vacuum suggested itself as offering distinct advantages, since neither of 
the dangers just mentioned would be incurred. For this purpose a 
glazed porcelain tube, of twenty-eight millimeters internal diameter, 
similar to that used for fusing silver in a vacuum, was employed.* The 
tube was closed as usual with Hempel hollow brass stoppers and heated 
in a perforated Fletcher furnace by means of a large blast lamp, while 
an ordinary Sprengel air-pump served to exhaust the gases from the tube. 

Very pure cobalt, which had been prepared by various methods during 
the previous work, was converted into the oxide as follows. From the 
solution of the metal in pure nitric acid the pink granular cobaltous 
hydrate was precipitated by adding an excess of pure freshly redistilled 
ammonia, and subsequently digesting the mixture upon the steam bath 
in a platinum bowl. This precipitate was collected upon a Gooch cru- 
cible in which a circular piece of hardened filter paper was used instead 
of an asbestos mat, After drying and converting the mass into the black 
oxide by ignition with an alcohol lamp this material was used directly 
for analysis. ‘The metal which served as the source of this oxide was 
known to be free from alkalis and silica,t and as neither the nitric acid 


* Richards and Parker, These Proceedings, XXXII. 63 (1896). 
+ These Proceedings, XX XIII. 120 (1897). 
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nor the ammonia could have introduced either of these impurities, the 
oxide must have been as pure as possible. It has already been shown 
that specimens of cobalt prepared by any of the methods described in the 
preceding parts of this paper are essentially identical. * 

A weighed platinum boat, containing several grams of cobaltic oxide, 
was placed in the porcelain tube, and, after the air had been exhausted, 
the portion of the tube containing the boat was heated to full redness. 
The expelled oxygen was removed with the air-pump; and the tension 
of the gases in the tube was finally reduced to a small fraction of a 
millimeter of mercury. The tube was then cooled while the vacuum was 
still maintained, air was admitted, and the boat was transferred to the 
weighing bottle and weighed. Successive ignition for periods of about 
two hours each reduced the weight of the cobaltous oxide slowly by 
amounts varying from two to five tenths of a milligram, until constant 
weight within one tenth of a milligram was obtained. During this 
process the cobaltous oxide, which was light brown at first, gradually 
assumed a darker tint. 

Since complete reduction of this oxide by hydrogen at a temperature 
which could be borne by hard glass is very slow, the reduction was con- 
ducted in a porcelain tube heated by the furnace. The metallic cobalt, 
which sintered together in such a fashion as to occupy not more than one 


fifth the original volume of the oxide, was cooled in a vacuum, and then 
‘transferred to the weighing bottle and weighed. Constant weight was 
obtained without difficulty.t 

In the following table are given the results obtained by this method of 
procedure. The correction to a vacuum standard of +.000069 gram per 
gram of cobaltous oxide was applied, the specific gravity of the oxide 
being taken as 5.68 (Joule and Playfair). O = 16.000. 


Weight of Weight of Atomic 
Number of Cobaltous Oxide Cobalt : Weight of 
Analysis. in Vacuum, in Vacuum. Cobalt. 
grams. grams. 
1 7.04053 5.53779 58.962 


2 6.69104 5.26312 58.974 
3 7.83211 6.15963 58.927 
58.954 


* These Proceedings, XX XIII. 120 (1897). 
+ Sintered cobalt does not occlude important amounts of hydrogen, even when 
cooled in this gas. A paper showing this fact will soon be published. 
t Landolt and Bornstein, Tabellen (1894), p. 184. 
VOL. Xxxv.—5 
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From the fact that the above results agree neither among themselves 
nor with the results obtained from the bromide (58.995), it seemed highly 
probable that all excess of oxygen had not been removed from the 
cobaltous oxide. It has been shown that oxides made by ignition of 
nitrates give off their extra “included ” oxygen only upon long continued 
heating, the gas gradually working its way out by a process of dissocia- 
tion and recombination.* Here also the oxygen combined with the 
innermost parts of the monoxide, too tightly enclosed to escape easily, 
must have required time to force its way out by the same process. 

Accordingly, in the next analysis the oxide was heated for much longer 
periods in the highest vacuum obtainable. Under these conditions the 
loss of weight between each two ignitions increased very materially, 
amounting to more than a milligram in each case, and culminated in a 
loss of three milligrams accompanied by a decided darkeniug of the 
oxide. This called to mind an experiment made by Dr. Cushman in his 
work upon the atomic weight of nickel.f In this experiment he ignited 
nickelous oxide to bright redness in a current of nitrogen. Upon 
removal from the ignition tube the oxide was found to have been partially 
converted into metallic nickel, owing doubtless to the dissociation of the 
oxide into metal and oxygen, and the subsequent carrying away of the 
oxygen by the current of nitrogen. Cupric oxide, when heated only to 
700°-800°, is known to dissociate perceptibly into cuprous oxide and 
oxygen.{ Asa matter of fact, when the cobaltous oxide was removed 
from the boat, it was found to have been reduced to such an extent that 
enough metallic cobalt had been formed to alloy with the platinum; thus 
cobaltous oxide also, at about 800°, dissociates very considerably into 
cobalt and oxygen. In the zeal to obviate oxidation, the opposite error 
had been encountered. Obviously the only method of obtaining the 
monoxide free from the metal was to determine the tension of the oxygen 
evolved from it at the temperature to which the oxide was heated, and 
always to keep the tension above this point during the ignition. 

In the earlier experiments, an exceedingly slight known leakage of 
water through the brass stoppers into the tube may explain why the 
reduction of the monoxide did not occur, for metallic cobalt decomposes 
water at a high temperature. 

Some of the brown monoxide which had suffered partial reduction in 
the experiment described above, and which consequently must have been 


* T. W. Richards, These Proceedings, XX XIII. 399: 
t+ These Proceedings, XX XIII. 424. 
Ibid., 421. 


4 
4 
| 
4 
= 


RICHARDS AND BAXTER, — ATOMIC WEIGHT OF COBALT. 67 


free from higher oxides, was now heated in a hard glass tube sealed at 
one end; and the tube was exhausted to within two tenths of a milli- 
meter of mercury by means of the Sprengel pump. When the pump was 
stopped the tension of the gas slowly increased from four tenths of a 
millimeter at 400° to one and five tenths millimeters at full redness, the 
highest temperature obtainable with a Bunsen lamp. The pressure of 
the oxygen resulting from the dissociation of the dbluck oxide of cobalt 
was determined to be in the neighborhood of six hundred and thirty 
millimeters at the same temperature. Evidently, if the tension of the 
oxygen remains below six hundred and thirty millimeters of mercury, the 
higher oxides of cobalt cannot exist (except in an imprisoned state) ; 
and, on the other hand, if the tension of the oxygen does not fall below 
one and five tenths millimeters there can be no reduction of the mon- 
oxide. In the next analysis the oxygen was removed from the tube as 
fast as it was evolved until the tension of the gas remaining was about 
one and five tenths millimeters. The pressure inside the tube was kept 
at this point until heating ceased, when the tube was exhausted as ¢om- 
pletely as possible. In subsequent ignitions of this boat-load the tube 
necessarily contained air, not oxygen, and allowance was made for this 
fact by increasing the pressure five times. In this case also constant 
weight was obtained only after many ignitions, although the differences in 
the weight of the oxide were small. 7.74242 grams (in vacuum) of 
cobaltous oxide yielded 6.09219 grams of cobalt, corresponding to an 
atomic weight 59.068. 

Evidently even here traces of metal had been found during the heating 
of the monoxide. This undesired reduction could have taken place only 
during the cooling, for at all other times the tension of the oxygen was 
greater than the dissociation pressure of the monoxide. Measures were 
then taken to make this error impossible. 

On account of the size of both tube and furnace, the cooling was 
necessarily very slow; this fact is indeed an advantage, because other- 
wise the life of a tube would be short. Assuming that the tube cooled 
always at the same rate, the tension of the oxygen from the dissociated 
oxide after any given interval of time from the cessation of ignition 
should always be the same. A table embodying such tensions was pre- 
pared by repeatedly exhausting the tube to a tension slightly below the 
supposed point, and allowing the pressure inside the tube to reach a 
maximum. This table, which was obtained by averaging three different 
series of observations, is given below. The readings were obtained by 
means of a McLeod gauge. 


& 
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Time from Cessation Tension of Oxygen 
of Ignition. Resulting from Dissoci 


Minutes. Millimeters. 
15 80 


30 06 
45 
60 
75 ll 
90 07 


These values have no meaning except for the particular process by 
which they were obtained, but they show plainly how great a chance for 
error existed when the tube was exhausted completely as soon as ignition 
ceased. 

In the next analysis the procedure was exactly similar to that in 
Analysis 4, except that during cooling the values indicated in the table 
were maintained. No essential loss of weight took place after the third 
heating, although several additional ignitions were carried out for the 
sake of certainty. 10.58678 grams (in vacuum) of cobaltous oxide yielded 
8.32611 grams of cobalt, corresponding to an atomic weight 58.929. 

In the face of this unsatisfactory result, there seemed nothing further 
to do except to attempt the detection of the presence of impurities. 
Three possibilities were open: the oxide might contain moisture, enough 
nitrate might have been carried down by the cobaltous hydrate to cause 
a small amount of nitrogen and oxygen to be occluded by the oxide, or 
else some higher oxide of cobalt might be present. 

It was easily shown that cobaltous oxide is as a matter of fact slightly 
hygroscopic. Several grams exposed for twenty-four hours to an atmos- 
phere saturated with moisture gained five milligrams in weight, most of 
which was lost in a short time in a desiccator. It was satisfactorily 
proved, however, by suitable experiments which need not be recounted, 
that not enough moisture could have crept in during any of the processes 
used to cause any important error. 

In order to prove the absence of included gases, a specimen of oxide 
which had been treated in the same manner as the material used in 
Analysis 5 was dissolved in hydrochloric acid in an apparatus for measur- 
ing the gases evolved during the solution.* No gas was given off; but 
upon treating the solution with potassic iodide and starch, an unmistak- 
able liberation of iodine was detected. This showed conclusively that 
some higher oxide of cobalt had remained undecomposed, for pure cobalt- 


* These Proceedings, XX XIII. 403, and Jour. Chem. Soc. Trans., LXXI. 559. 
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ous chloride has no immediate effect on hydriodic acid. The presence 
of the imprisoned higher oxide is undoubtedly the reason for the low 
value for the atomic weight of cobalt obtained in this way. 

The cobalt itself obtained from the pure oxide by reduction at a high 
temperature is very permanent in the air, and occludes only traces of 
hydrogen. 

With great reluctance the work upon the monoxide was abandoned at 
this point; for a substance whose composition varies so widely under 
conditions which vary so slightly is obviously unfitted for work of the 
highest accuracy. As in the case of cobaltous bromide, the preparation 
of this substance even in a reasonably pure state appears to be an impos- 
sibility. Unfortunately the accurate estimation of the worst impurity in 
this case, cobaltic oxide, is a very difficult matter. An attempt to use 
pure cobaltic oxide itself as the basis of the determination proved to be 
equally unsatisfactory. 

The results of this part of the investigation are nevertheless of con- 
siderable import in the light they throw upon previous analyses of the 
monoxides of both nickel and cobalt as well as upon the accuracy of the 
results obtained in the analyses of cobaltous halides described in this 
paper. The material which gave the lowest result contained oxides of 
cobalt higher than the monoxide, hence these results are too low. On 
the other hand, the material which gave the highest result was heated 
under conditions which theoretically should have caused, and evidently 
did cause, partial reduction of the oxide to metal. The true value of the 
atomic weight of cobalt must lie between these two extremes, 58.93 and 
59.07 ; and until trustworthy evidence to the contrary has been produced, 
the most probable value seems to be the mean 58.995, obtained from the 
analysis of the bromide. 


Critica, Revirw or Eartrer Work. 


In the light of the information gained during the protracted investiga- 
tion which has just been described, it is possible to discover the reasons 
for many of the unusual discrepancies in the older work upon the atomic 
weight of cobalt. Following is a chronological list of this work, with 
references to the original articles. The atomic weight of oxygen, upon 
which the appended values are based, is taken as 16.000. 


Rothhoft 1826 Ann., VIII. 184. 
Schneider 1857 Pogg. Ann., CI. 387. 

Marignac 1858 ‘Bibl. Univ. de Geneve, I. 372. 
Dumas 1860 Ann. Chem. Pharm., CXIII. 25. 


59 
| 60.0 
58.8 
59.1 
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Russell 1863 Jour. Chem. Soc. (2), I. 51. 58.7 
Sommaruga 1866  Sitz. Wien. Akad., LIV. (II.), 50. 60. 
Winkler 1867 Zeit. Anal. Chem., VI. 18. , 59.4 
Russell 1867 Jour. Chem. Soe. (2.), VII. 294. 59.1 2 
Weselsky 1868 Ber. d.d. Chem. Gesell, II. 592. 59.1 
Lee 1871 Am. Jour. Sci. & Arts, (8.), II. 44, 59,2 
Zimmermann 1886 Ann. der Chem., CCXXXII. 324. 58.9 
Kriiss and Schmidt 1889 Ber. d. d. Chem. Gesell., XXII. 11. —— 
Winkler 1889 XXII. 891. —— 
Remmler 1891 Zeit. Anorg. Chem., II. 221. 58.8 
Schiitzenberger 1892 . Compt. Rend., CXIV. 1149, 60.1 
Winkler 1898 Zeit. Anorg. Chem., IV. 10. 59.8 
Winkler 1894 «IV. 462. 59.5 
Winkler 1895 VIII. 1. — 
Winkler 1895 VIII. 291. — 
Hempel and Thiele 1896 XI. 73. 58.9 
Richards and Baxter 1897 XVI. 362. 59.0 
Winkler 1898 XVIL. 236. — 
Richards and Baxter 1899: Proc. Amer. Acad., XXXIV. 351. 59.0 
Richards and Baxter 1899 The present paper. 59.0 


All except four of these investigations were accompanied by similar 
ones upon the atomic weight of nickel, and in general the criticisms made 
by Richards and Cushman in a recent paper upon this subject may be 
applied unchanged to the present argument. It is only necessary to call 


attention here to the features in which differences existed. 

The favorite method for the determination of both constants has been 
the reduction of the oxides. It is evident from our work upon this 
method that Russell’s cobaltous oxide (1863) must have been contami- 
nated with a higher oxide; that Zimmermann’s material (1886), treated 
with greater care in more perfect apparatus, was more nearly normal, 
although still impure ; and that Schiitzenberger (1892) must have driven 
off some of the oxygen, which should have been weighed, by his employ- 
ment of a high temperature. It was reserved for Hempel and Thiele 
(1895) to discover by varying the conditions of work that cobaltous 
oxide was incapable of giving constant results, although they did not 
attempt to find the reason of the inconstancy. Their irregular observa- 
tions were really a proof of the thoroughness and care of their work, 
while the wonderful constancy of Zimmermann’s results simply shows a 
constancy of imperfect conditions. 

The far greater dissociation tension of the higher oxide of nickel makes 
the method much less dangerous in this case; hence the similar results 
for the atomic weight of nickel are both more concordant and more nearly 
correct than those for the atomic weight of cobalt. 
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The four investigations which had no parallel in the case of nickel 
were those of Sommaruga, Weselsky, Remmler, and Hempel and Thiele. 
The first of these need not claim serious attention, for there can be no 
doubt that the result (60.) is far too high. Weselsky’s contribution was 
very similar to Lee’s, which has been treated in Richard and Cushman’s 
criticism. Since the work was obviously crude and incomplete, we must 
ascribe its accurate average result (58.96) to a compensation of errors. 

Two more investigations remain to be considered. In 1891, when the 
“ Gnomium ” dispute was at its height, Remmler entered the fray. He 
fractionated cobaltous hydrate by treating a large quantity of this precipi- 
tate with strong ammonia. Each fraction was subjected to a protracted 
purification, which, although effective in removing heavy metals, intro- 
duced more impurity than it removed. His final solution of cobaltous 
nitrate, from which he formed the oxide by ignition, contained the alkali 
and silica taken up by at least six successive evaporations to dryness in 
glass or porcelain, in three of which the solution was ammoniacal. With 
such hopelessly contaminated material, it is no wonder that the results 
from twenty-four fractions varied between limits which were nearly one 
per cent apart. As his method of igniting the monoxide to constant 
weight in an inert gas was subject to the same errors which have been 
discussed in the case of Russell and Zimmermann, no further comment is 
necessary. The average of twenty-four determinations was 58.80. 

Hempel and Thiele, in 1895, at first attempted to find the ratio 
CoO: Co from analyses of the monoxide. This part of their research 
has been already discussed. 

The remainder of their work consisted in the quantitative preparation 
and analysis of cobaltous chloride. They were unable to prepare it in a 
wholly anhydrous condition, and realized this fact; hence the part of 
their calculation depending upon the weight of the chloride was unsatis- 
factory. The final step of their investigation was the weighing of the 
argentic chloride obtainable from the chloride combined with a known 
weight of cobalt. Although not wholly satisfactory, this part of their 
research far excelled the earlier work of a similar kind (Dumas) and 
yielded one of the most trustworthy values for the atomic weight of 
cobalt (59.91 to 59.94) which had been obtained at that time. 

It is clear, from a careful consideration of the details just referred to, 
that all the wide variations in the older results are explicable. Hence 
no serious argument exists against the atomic weight of cobalt (58.995, 
if O = 16) determined by our analyses of cobaltous bromide. Since 
moreover the still more recent results with the chloride (less than 59.05) 


a 
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and oxide (58.93 to 59.07) confirm this value, one may assume that it is 


not greatly in error. In any case, the Harvard analyses of the bromides 


of nickel and cobalt must stand and fall together, for they were made by 
methods essentially similar ; and they must at least give the ratio of the 
atomic weights (58.706 : 58.995) with some approach to accuracy. Each 
of these numbers has found quite independent support for its actual as 
well as the relative value, so that for the present the study of these 
atomic weights will not be pursued further in this Laboratory. 


CaMBRIDGE, June 23, 1899. 
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